The use of medical devices is constantly growing and constitutes a valid aid to ailing people because of remarkable technological advances. The regulations on their circulation in Italy and Europe are inspired by the principle of free circulation: it is sufficient for a device to have the CE logo for it to be freely commercialized in all European countries. These regulations that favors commerce also expose the sick to the risk of harm from defective devices that have not been suitably checked prior to commercial release. This paper reports a case of a defective MitraClip ® Delivery System, discusses other episodes of similar device malfunctioning, and analyzes the European legislation on medical devices. In the author's opinion, a careful "control" policy for devices, an adequate care in device manufacturing, an appropriate evaluation of pre-and post-marketing and suitable measures for the patient's safety are needed.
Introduction
The growing and unrelenting need to improve quality of life, and the will to ensure the best possible health conditions for human beings, have over the years nurtured the ever-increasing interest in medical devices, broadly defined as devices designed to be used on humans to improve their health and quality of life [1] . Furthermore, the remarkable scientific and technological advances, applied to biology, have permitted an ever-increasing number of sophisticated and inventive solutions to properly counter and overcome disablements, handicaps and pathologies that were once considered incurable.
During the last years, a new technique designed to fix mitral insufficiency via percutaneous has been developed, the MitraClip® system [2] . This system is suitable for aged patients or for those whose poor clinical conditions make surgical substitution of the mitral valve unadvisable. According to the "edge to edge" approach proposed by Alfieri [3] , the two mitral edges are centrally linked by means of a metal clip, thus excluding or significantly reducing the valve regurgitation. Such a new technique represents a valid alternative to the traditional surgical approach [4] and offers good prospects for patients with cardiac failure [5] . Normally, the procedure is based on a device composed of three elements: a clip (MitraClip®), a Steerable Guide Catheter (SGC), and a Clip Delivery System (CDS). By using a transseptal catheter echo-monitored, the SGC, introduced in the femoral vein, is located in the left atrium and the CDS is shifted within the atrium. Once the devices are located within the atrium, the clip is positioned in the valve plane and its arms opened at about 180°perpendicularly to the mitral valve entrance, connected with the jet regurgitation. The clip is moved within the left ventricle, until its arms fall in correspondence to both valve edges. Subsequently, two grippers fix the edges, the clip is grasped and the edges are connected in their centre. The grasping degree and the percentage of reduction of mitral insufficiency achieved can be monitored by trans-oesophageal echography. The grasping can be repeated and other clips can be added for a better result. Once the optimal results are achieved, the clip is removed by unscrewing and withdrawing the ending knob of the thin Ametal structure by means of which the clip was insert. Then, the last security metal wire connected to the grips is removed for the complete clip release. Such a procedure is practiced daily [6] , and even more papers have been published on its efficacy [7] [8] [9] , the good hemodynamic functionality [10] [11] [12] , the low incidence of complications or of major adverse effects [13, 14] , and a good subsequent quality of life [15, 16] . As reported in their Guidelines, both the European Association of Cardiac Surgery and the European Society of Cardiology agree in considering the use of the MitraClip® Delivery System as a Class II B therapeutic operation for patients with severe symptomatic mitral insufficiency and at high surgical risk [17] .
Recently, a case of percutaneous mitral valve repair using MitraClip® Delivery System, resulting in patient's death, has been observed and discussed here. Original Article related to general clinical manifestations, to cardiac complications and device migration or malposition. Post-surgical pneumonia and endocarditis, commonly occurring in patients undergoing emergency open heart surgery and presenting high risks (ASA IV and NYHA IV). An analogous device, Lotus Valve System, although positive clinical outcomes [23, 24] , has evidenced a similar problem. In particular, the Lotus Valve becomes unlocked, with the need to convert the patient to surgery. FDA established a class I recall, involving 278 units distributed all over European countries [25] .
Case Report
The specialized literature reported several cases of defective cardiac devices. In 2003, Bottio and coll. reported a case of defective cardiac valve in Italy, in which the pivot of the metal disk would often break, putting the patient's life into serious danger. In particular, 5 out of 36 patients died, while in 12 patients, the valve had to be removed and replaced [26] . Other cases of defective valves were reported [27] . Thereafter, the less than perfect "integrity" of aortal endo-prostheses two to the use of unsuitable materials was reported [28] .
Several devices applied in different organs and / or tissue, presented defects after commercialization [29] [30] [31] [32] [33] [34] , highlighting the need for accurate post-marketing surveillance.
The potential hazards of devices induced the European [35] and Italian [36] legislators to issue a considerable number of laws aimed to ensure mandatory safety standards and performance concerning design, building, materials' choice and absence of harmful substances, while assuring free circulation after clinical investigations on the European market of devices that comply with such characteristics [37] . The corresponding certification, confirming the attainment of the specified criteria through a specific symbol (CE), is awarded by an Independent Organization (Notified Body) monitored by the National Authority [38] . The Notify Body, releasing the CE mark, has to receive all available clinical and data, as well as those reported in literature, a declaration on the employment of allowed materials and on the absence of dangerous ones.
Summarizing, the European regulation [1, 35, 36] states that the Manufacturers have to: -define the particular class of the device; -meet with minimal requirements; -publish a compliance statement; -present adequate clinical data; -introduce the compliance scheme evaluation.
Upon reception, the Notified Body verifies them and decides about the CE mark release. Despite these procedures, it must be kept in mind, as pre-marketing studies are not always able to highlight eventual, possible device deficits. A specific European Directive [39] states the need of performing an accurate post-marketing surveillance when the device is used in common clinical practices. Such a solution, while doubtlessly much appreciated by the industrial world, since devices' commercialization times are noticeably shortened, does not seem adequate for a complete patient guarantee. Consequently, the application of a device does not always offer the expected benefits, as demonstrated by several literature cases [40, 41] , as well as the one discussed here.
Although device malfunctioning is a remote occurrence, much disappointment is aroused because of the possible serious risk for the health and the life of the patient and necessarily leads to considerations on the need of suitable, proper checks in devices' planning, manufacturing and clinical investigation pre-and post-marketing [42, 43] .
In summary, the CE mark does not imply absolute efficiency of the devices [44, 45] , and the Italian Courts repeatedly invoked the responsibility of both Manufacturers and Certification Body [46] , while physician responsibility can be invoked only in regards to errors in clinical indications and device application. Freemantle states the current Euroleft-sided electrical axis, intraventricular conduction at high limits, but there were no repolarization disorders. The ultrasound examination showed a severely dilated and globally hypokinetic left ventricle. The Left Ventricular Ejection Fraction (LVEF) was estimated at around 25%. The left atrium appeared to be moderately dilated. The right cavities appeared in the norm, the tricuspid and pulmonary valves without morphological alterations. As well as the mitral valve, which was described as well preserved in the absence of alterations, calcifications and thickening of the valvular and subvalvular apparatus while tethering affected both the cuspidal edges, resulting in a serious degree of insufficiency. The estimated systolic pulmonary pressure (PAPS) was 44 mmHg. Coronary arteries, with coronarography, were free of atheromatous plaques and significant stenosis.
The result of the clinical examinations, therefore, revealed for dilated cardiomyopathy with severe mitral insufficiency, associated with mild tricuspid regurgitation and the patient was classified in the fourth class NYHA. The patient underwent six months of optimal medical therapy except ACE-inhibitors due to reduce mitral insufficiency. Despite the consistent period on best medical treatment, the severe mitral regurgitation was still present. While classical surgery had too high risk (ASA 4 patient), a MitraClip procedure was planned. The surgery, monitored by both the echo and the fluoroscopy, conducted under general anaesthesia, would have allowed the correct fixing of a clip and the consequent reduction of the mitral insufficiency.
On the day of the procedure, the results of the ultrasound confirmed the effectiveness of the grasping and the success of the operation. The operator therefore decided to release the clip. During unlocking (anticlockwise rotation of the guide knob), the operator was not able to disconnect the clip from its holder due to a device failure. After several failed attempts to release the clip, it was decided to surgically remove the system. Emergency surgery was performed in the extracorporeal circulation, aortic clamping and cardioplegia, a percutaneous procedure was performed according to Alfieri [3] , completed with valve plastic. After surgery, the patient showed a left ventricular dysfunction (VF). After defibrillation, sinus rhythm was supported by inotropic drugs, with BP 110/60, HR 100 bpm and EF 30%. The patient was transferred to intensive care, where she was hit by bilateral pneumonia and endocarditis. Although the MitraClip® implant and overall cardiac procedures had been performed correctly, the patient died 20 days after surgery due to septic shock.
Discussion
The MitraClip® Delivery System, although defective in the presented case, passed all quality controls required by European legislation, bore the CE mark, and has been successfully applied several times. It passed two randomized studies (Everest I and Everest II), It has been shown to be a full-scale study of the mitral valve that could be performed in full security, with a low rate of morbidity and mortality and satisfactory follow-up. Both the randomized [18] [19] [20] and a further 43 studies on 6865 patients [17] showed neither malfunction nor mortality after device use. Following commercialization of the MitraClip ® Delivery System, cases of malfunctioning of the device, due to failure in clip detachment, were reported. After nine cases of malfunctioning, followed by severe comorbidity and complications, with one patients' decease -as in this case -the company recalled the MitraClip ® Delivery System manufactured from July 14, 2015 to August 11, 2015 and distributed from August 28, 2015 to February 3, 2016 [21] . Moreover, the Company provided further instructions and training for health care providers who use the device, detailing contraindications and complications for device use [22] . In particular, potential complications were Original Article pean legislation for medical devices seems to be inadequate to assure a sufficient safeguard for patients and their quality of life [47] . Conversely, in the US, where the National Authority [48] ensures a severe premarketing control, the FDA must declare the reasonable assurance of safety and effectiveness of devices before authorizing their commercialization [49, 50] . During last years, only 2% of devices undergoing evaluation obtained FDA approval [51] . Such approach seems more appropriate to safeguard both the patients' lives and quality of life. Nevertheless, the process is rigid, lengthy and costly without granting an absolute certainty for patients' safety.
Conclusions
The here reported case highlights all the vulnerability of the European certification system. In our opinion, this system could be greatly improved by simply avoiding the possibility for Manufacturers to choose the Notification Body for CE mark, as well as establishing uniform operative standards to be accomplished by all European Notification Bodies. Moreover, it would be advisable to pay great attention not only to a device's safety, but also in its effectiveness, with particular care for cardiovascular devices. Comprehensive information about the premarketing studies, including trial results, should be accessible on-line; before authorizing a new device commercialization, randomized studies aimed to verify their safety and effectiveness with respect to similar devices already available on the market should be performed. A conditional approval, for a limited time interval, should be released in those situations when clinical data are insufficient or without clear clinical benefits; the post-marketing surveillance should be periodically updated (every three years) by Manufacturers and Clinicians as well as by stakeholders, also contemplating the possible withdrawal of the device from the market.
An adequate device monitoring, especially for cardiac and other high-risk devices [52] [53] [54] [55] [56] , based on use of National databases, on specific applications, allowing a quick and effective action in case of malfunctioning, must be considered. A recent analysis about the transcatheter aortic valve implantation (T.A.V.I.) demonstrated, in fact, that 20-25% of them exceeded the clinical evidence [57] . Although the possibility of commercialization of defective or scarcely efficient devices cannot be avoided entirely, the proposed modification can, in our opinion, significantly contribute in improving the system. Although relevant, the scientific and economic interests related to the device's production and commercialization cannot prevail on the need of public health's protection: scientific and technological progress has to marry patients' safety and health care, without considering the relevant profits. Such aspect represents the new challenge in favour of patients and society. 
